Introduction
Cochlear implants are the method of choice to treat sensorineural hearing loss. Even though many patients can use the telephone again, there is large variability between the patients. This variability can -at least in parts -be explained by differences in the electrode neural interface. This interface is characterized by two main challenges. Firstly, hearing loss is accompanied by degradation of neuronal cells that are needed for electrical stimulation. Secondly, connective tissue is formed around the electrode array after cochlear implantation. Especially the latter can be addressed by surface patterning of the cochlear implant electrode arrays. From literature it is known, that cells interact with surface structures [1, 2] . With specific structures, cell morphology, proliferation, adhesion, migration and differentiation can be influenced in vitro [3] [4] . In addition, structures can modify the properties of surfaces such as wettability or light absorption [5, 6] . The focus of our work was therefore to test microand nano-patterns on cochlear implant materials in vitro and transfer these patterns to real animal electrode arrays for further in vivo testing.
Methods
In vitro tests were performed on the materials of real CI electrodes, silicone and platinum (Pt). Groove like microstructures (groove width 1-10 µm) were generated on silicone either by direct laser ablation with a commercial femtosecond laser system (Femtopower Compact Pro, Femtolasers Produktions GmbH, Austria) or by moulding. Glass samples were structured with the same pattern by laser ablation and then coated with Pt to investigate the growth of fibroblasts on Pt structures. These samples were then sterilized and used for cell culture experiments.
GFP-producing NIH/3T3 fibroblasts were seeded on the samples in supplemented DMEM media at a density of 2.1 x 10 4 cells per mL. Cells were photographed every 24 hours for 5 days on patterned and control surfaces and counted. A systematic study of femtosecond laser-induced nanostructures on platinum on fibroblast cell proliferation was published in [7] . Briefly, by changing of laser processing parameters a large variety of nano-structures (e.g. periodic or random) can be fabricated. To realize the microgrooves on real electrode arrays, Pt-tubes were structured and cut by laser ablation and later used for electrode production. To generate similar structures on the silicone surface, the moulding dies were structured again by femtosecond laser such that circular (around the electrode) or longitudinal (parallel to the axis of the electrode) grooves were fabricated and then transferred to silicone by moulding. For the nano-structuring of the surface of the ready assembled electrode arrays a special handling system was developed. By using the developed workpiece-handling device selective ultra-short pulse laser nano-structuring of either Pt stimulating contacts or silicone was possible. The resulting electrode arrays were then implanted in guinea pigs for 4 weeks. In addition to the monitoring of the acoustical and electrical brainstem responses, impedance measurements were performed on a daily, later weekly basis with a commercial fitting system for cochlear implants (rectangular pulse) and at discrete frequencies (sinus) once a week.
Results
In general cells grow better on Pt surfaces than on silicone. On Pt the cell growth was reduced by these microstructures on the surface. The strongest effect was found at a width of the structures of 5 µm. Same surface patterns on silicone did not have any effect on the fibroblast growth, independently whether the silicone was moulded or directly ablated [8] . When introducing nano-patterns on Pt-surfaces, the water contact angle could be modified between 80° and 160°. Testing these surfaces in vitro, a strong correlation between contact angle and fibroblast growth was found [7] . Additionally, impedances as measured in saline were reduced by the nano-patterns but not by micro-grooves compared to plain Pt surfaces (Fig.1) [9] . Micro-structures were realized on Pt contacts and moulds in good quality. The moulding process to realize the grooves on silicone resulted in longitudinal grooves of good and circular grooves of minor quality. Additionally some silicone film covered the pattern on Pt contacts after the moulding process. This silicone film remains hard to remove (Fig. 2) . Best results were achieved by the addition of phospholipids. The Pt surface could be reliably freed from silicone to more than 90 %. The realization of the nano-patterns on active electrode arrays is therefore done after production of the electrodes. A handling system was developed and the procedure has been optimized so far that functionality of nearly all contacts can be ensured. In contrast to the in vitro results, micro-grooves on Pt contacts did not have any influence on the impedance increase after implantation that is caused by tissue growth around the electrode array. But the orientation of the grooves on silicone had a strong influence. With longitudinal grooves the impedance increase and therefore the tissue growth seemed to be faster than without any surface patterns and with the sub-optimal circular structure the impedance increase was delayed. Nano-patterns on the Pt contacts did not influence the impedance increase in vivo even though a general reduction as earlier seen in saline experiments was also observed (Fig. 3) .
Conclusion
Surface patterns on cochlear implant materials have the potential to reduce fibroblast growth. Nevertheless, the realization of these patterns on active electrode arrays remains challenging. Results from in vitro tests are not directly transferable to the in vivo situation. Figure 3: Impedance development after implantation with nano-patterned or un-structured electrode arrays (preliminary results).
